Using two independent analyses, it is demonstrated that natural (e.g., estradiol) and some xenoestrogens (e.g., methoxychlor metabolite) are characterized by a lipophilic region that is absent in nonestrogens as well as in phytoestrogens. It is suggested that this lipophilic region affects binding to specific receptors and may, in fact, differentiate harmful from beneficial estrogens. Environ Health Perspect 1 05(Suppl 3): 665-668 (1997) 
Introduction
Recently, we identified a 6A 2-dimensional distance (2D) descriptor associated with the carcinogenicity in mice of estrogens (e.g., diethylstilbestrol and 170-estradiol) (1) . This descriptor (biophore) was originally recognized during structureactivity relationship (SAR) studies of diethylstilbestrol (2) and tamoxifen and toremifene (3) , using the SAR expert systems computer automated structure evaluator (CASE) and multiple case (MULTICASE). This biophore was derived from the CASE/MULTICASE learning set of murine carcinogens (4) (5) (6) (7) (8) . Based on its presence in carcinogenic estrogens, we suggested that the 2D biophore represented a ligand binding site on an estrogen receptor (1) . This hypothesis was supported by the realization that the biophore was derived from estrogens in the carcinogenicity database and the fact that CASE/MULTICASE had been programed to recognize 2D biophores that possess lipophilic centers as well as moieties capable of hydrogen bonding. These characteristics are associated with ligands that bind to cellular receptors. Hence this finding is consistent with an estrogen possessing a hydrogen-bonding moiety at one end and a lipophilic moiety on the other. In fact, CASE/MULTICASE identified it as a lipophilic, anchored, p-substituted phenol moiety (Figure 1 ). This 2D descriptor is absent from the vast majority of nonestrogens.
Using CASE/MULTICASE, we identified a number of chemicals, including many estrogens and xenoestrogens, that possess this 2D moiety (Table 1) , as well as a number of estrogens that lack it. However, some of the estrogens devoid of this moiety acquire it following metabolic activation, e.g., tamoxifen metabolism to 4-hydroxytamoxifen; the latter is the metabolite thought to be responsible for the estrogenicity of the parent molecule (9) . On the other hand, phytoestrogens, as a group, lack this descriptor (Table 1) . These findings suggest that the presence of the 2D descriptor could be used to classify estrogens with respect to possible risk to humans and to the ecological biota, or even to distinguish between harmful (xenoestrogens) and potentially beneficial estrogens (e.g., phytoestrogens).
While we do not expect this 2D biophore to provide a unifying principle that accounts for the action of estrogens, it might provide further insight into their mechanism of action. In the present study we expand the definition of the 2D biophore, especially with respect to its putative lipophilicity.
Methods
The CASE/MULTICASE methodologies have been described on a number of occasions (10, 11) . The 6A moiety (above) identified by CASE/MULTICASE involves phenol substitution at the p-position with a carbon atom. The specific lipophilicity of the p-substituent is specified by CASE/MULTICASE to include carbon atoms that are four bonds away from heteroatoms. By this criteria 1 7,-estradiol was identified as possessing the appropriate lipophilic moiety while the carbon para to the phenol in genistein was found to lack it. To clarify the lipophilicity of the 2D biophore, we analyzed a group of molecules with Molecular Modeling Pro (MMP) (12) for the presence, location, and characteristics of their lipophilic regions.
Briefly, MMP assigns values for the lipophilicity of each atom of a molecule using the procedure of Hansch and Leo (13) . For example, a value of 0.23 is assigned to hydrogens, 0.13 to carbons with one hydrogen, 0.22 to carbons with two or more hydrogens, -1.14 to hydroxyl groups, and -2.24 to keto oxygens. Each atom is also modified by its neighbors. The 
Results and Discussion
Not all estrogens contain the 2D biophore (above) ( Table 1 ). The simplest molecule that contains this biophore, 4-methylphenol (Figure 1) , can illustrate the biophore. The 1-position of 4-methylphenol contains the hydroxyl group that is both hydrophilic and capable of hydrogen bonding. The 4-position is occupied by a benzylic methyl group that is in a lipophilic environment. In general, the benzylic carbon can be methyl, methylene, methine, or quaternary. Between the p-hydroxyl group and the lipophilic moiety is a conjugated sixmembered ring system that may be substituted at some positions (1) . The structure of 4-methylphenol can be superimposed on other molecules for easy identification of the 2D biophore.
The major aim of this investigation was to visualize and confirm, using MMP, that in fact the MULTICASE biophore is indeed anchored in a lipophilic region. This is readily demonstrated (Figure 1) . All the chemicals shown in Figure 1 (Figure 1 ). On the other hand, dietary phytoestrogens (e.g., genistein, coumestrol, etc.), some of which are thought to be cancer chemopreventive agents, lack this biophore and have been shown herein to lack the lipophilic region ( Figure 1 ). The 2D biophore and associated lipophilic region appear to have biological significance and are not random occurrences among estrogenic chemicals. Indeed, the lipophilic region associated with the 2D biophore may modulate the binding affinities for these estrogens at different ligand-binding sites (e.g., estrogen receptor or estrogen-metabolizing enzymes).
The current report confirms that the 2D biophore describes a lipophilic center. This biophore is able to distinguish between some beneficial (e.g., genistein and other phytoestrogens) and some harmful (e.g., DES) estrogens. The ability of this biophore to differentiate estrogens suggests that estrogens elicit their responses through various mechanisms. Moreover, this dichotomy suggests that some estrogenic responses may be distinguishable from carcinogenic responses resulting from the action of the estrogens, since not all estrogens are carcinogens. The lipophilic moiety described herein may be involved in this dichotomy.
